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ABSTRACT 


Under  Work  Assignment  No.  3  of  Contract  DAAD05-74-C-0723  by  the 
Franklin  Institute  Research  Laboratories  (FIRL)  for  the  U.S.  Army  Land 
Warfare  Laboratory,  an  improved  test  for  Sulfate  in  Water  was  developed 
based  on  the  LWL-recommended  reagent  barium  chloranilate.  The  paper  test 
strips  operate  in  the  range  of  from  100-3000  mg/1  of  sulfate  ion.  Their 
sensitivity  in  the  lower  sulfate  levels  is  sufficient  to  differentiate 
50  rag/liter  from  100  mg/liter. 
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FOREWORD 


This  report  is  submitted  in  compliance  with  contractual  requirements 
as  directed  by  the  U.S.  Army  Land  Warfare  Laboratory,  Aberdeen  Proving 
Ground,  Maryland,  under  Contract  No,  DAADO5-74-C-0723.  Mr.  Harold  H.  Rosen, 
Biological  Sciences  Branch,  served  as  Technical  Supervisor  for  the  work,  and 
we  would  like  to  acknowledge  his  reconmendation  of  the  barium  chloranilate 
reagent  which  made  the  development  of  the  test  strips  possible. 
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INTRODUCTION 


An  effort  to  update  water  quality  test  procedures  for  field  use  was  undertaken 
at  LWL  as  a  result  of  a  study  by  ACTIV  of  Army  water  supply  operations  in  the 
Republic  of  Vietnam. ^  The  ACTIV  report  discussed  the  shortcomings  of  the 
water  test  kit  then  available  for  field  use,  which  dated  back  to  WWII,  and 
recommended  that  the  kit  be  updated.  Somewhat  after  the  initiation  of  the 
LWL  task,  a  proposed  Small  Development  Requirement  covering  the  development 
of  Engineer,  Preventive  Medicine  and  Medical  Laboratory  water  quality  test 
kits  was  issued  and  formalized.  This  SDR  was  later  converted  to  a  Materiel 
Need  document,  and  the  Mobility  Equipment  Research  and  Development  Center 
(MERDC)  at  Fort  Belvoir  was  assigned  development  responsibility.  The  LWL 
effort  was  coordinated  with  MERDC. 


It  was  recognized  at  the  outset  of  the  LWL  effort  that  a  water  test  kit  for 
field  use  should  be  as  simple,  compact,  rugged  and  easy  to  use  as  would  be 
compatible  with  realistic  criteria  of  accuracy  and  precision.  Not  only  the 
obsolete  WWII  kit  that  was  originally  supplied  to  field  units  in  Vietnam, 
but  even  a  modern  commercial  kit  that  subsequently  was  procured  by  the  Army 
on  an  interim  basis  for  use  in  Vietnam,  were  bulky  and  required  skilled 
manipulation  of  reagents  and  fragile  glass  components.  A  survey  of  the 
current  state-of-the-art  revealed  that  simple  ndip-strips ,"  that  need  only  be 
dipped  into  water  to  make  a  test,  were  available  commercially  for  a  number  of 
the  water  constituents  of  interest.  For  example,  so-called  Quantabs  were  on 
the  market  to  test  for  chloride,  alkalinity,  acidity,  and  later,  for  total 
hardness.  These  test  strips  were  incorporated  in  the  LWL  prototype  kit 
shown  in  Figure  1.  Other  components  of  comparable  simplicity  and  ease  of 
operation  that  comprised  the  LWL  kit  included  tests  for  sulfate,  residual 
chlorine,  pH,  turbidity,  flocculation  and  chlorine  demand.  A  typical  test 
strip  from  the  kit  is  shown  in  Figure  2.  In  operation  the  strip  is  dipped 
into  a  water  sample  for  a  given  length  of  time  which  causes  a  color  change. 
The  height  of  the  color  change  is  read  on  the  scale  and  converted  to  parts 
per  million  using  a  chart  provided.  Another  one  of  the  strip  tests  relies 
on  comparison  of  a  color  change  with  a  color  chart. 


Several  LWL  prototype  kits  were  furnished  to  MERDC  for  evaluation.  Components 
of  the  kit  were  subsequently  tested  by  the  Army  Environmental  Hygiene  Agency, 
which  had  been  tasked  by  MERDC  to  obtain  and  test  all  commercially  available 
tests  and  to  select  components  for  a  standardized  Army  kit.  In  its  tests, 

AEHA  found  that  the  LWL  kit  components  were  by  far  the  simplest  to  use  but 
were  not  the  best  in  terms  of  accuracy  and  precision.^  Because  of  the  dem¬ 
onstrable  simplicity  and  ease  of  use  of  the  LWL  test  strips,  AEHA  did 


1Water  Supply  in  the  Republic  of  Vietnam.  Final  report,  ACTIV  Project 
ACL-22F,  Dec  67. 

^Manufactured  by  the  Ames  Co.,  Elkhart,  IN. 

^Improved  Water  Analysis  Kit,  LWL  Technical  Report  No.  LWL-CR-03B69, 
Dec  72. 

^Water  Quality  Engineering  Special  Study  R6cD  No.  24-001-71-72,  US  Army 
Environmental  Hygiene  Agency,  1  Nov  72. 


Figure  1.  Water  Analysis  Kit 
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Figure  2.  Typical  Dip  Strip  from  the  LWL  Water  Analysis  Kit 
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recommend  that  the  LWL  tests  be  further  developed.  On  the  basis  of  this 
recommendation,  LWL  instituted  the  program  described  in  the  present  report 
(LWL  Task  01B74).  This  program  included  additional  testing  of  the  commercial 
chloride,  alkalinity  and  hardness  dip  tests  and  further  development  of  the 
sulfate  test.  The  original  sulfate  test  vehicle  was  a  reagent  spot  on  a 
glass  slide,  and  the  purpose  of  further  development  was  to  see  if  an  im¬ 
pregnated  paper  strip  could  be  substituted  for  the  glass  slide,  making  this 
test  comparable  to  the  other  dip  tests. 
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EVALUATION  OF  SELECTED  DIP  TESTS 


The  USA  Test  and  Evaluation  Command  (TECOM)  was  requested  to  perform  a 
product  improvement  test  of  the  chloride,  alkalinity  and  hardness  dip 
tests  in  conjunction  with  a  Development  Test  (DT)  (Engineering  Phase)  II 
of  water  quality  analysis  sets  being  performed  for  MERDC.  The  criteria 
established  for  the  MERDC  development  test  were  employed  in  the  product 
improvement  test  to  ascertain  how  closely  the  LWL  components  met  Army 
requirements . 


The  criteria  against  which  the  test  strip  were  evaluated,  the  evaluation 
procedures  and  the  test  results  are  described  in  detail  in  a  TECOM  report 
included  here  as  Appendix  A.^  Briefly  summarized,  the  TECOM  test  results 
showed  that  the  chloride  and  alkalinity  test  strips  partially  met  the 
criteria  and  the  hardness  test  strips  did  not  meet  the  criteria. 


DEVELOPMENT  OF  SULFATE  TEST 

A  prototype  paper  dip  strip  to  test  for  sulfate  in  water  was  developed  by 
the  Franklin  Institute  Research  Laboratories  of  Philadelphia  under  a 
contract  with  LWL  (see  Appendix  B) .  Although  the  development  effort  was 
successful  in  demonstrating  feasibility,  with  the  phasing  out  of  LWL  it  was 
not  possible  to  undertake  a  program  of  test  and  further  refinement  to 
establish  whether  the  sulfate  dip  strip  can  meet  the  Army  criteria. 


^Final  Letter  Report  of  Product  Improvement  Test  of  Improved  Field 
Water  Analysis  Tests,  LWL  Task  Ol-B-74,  TECOM  Project  No.  7-ES-225-000-003 , 
Report  No.  APG-MT-4417,  Feb  74. 
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DISCUSSION 


The  TECOM  results  showed  that  the  chloride  and  alkalinity  test  strips  met 
the  criteria  for  accuracy  except  near  the  lower  range  limits  of  concentration. 
It  is  considered  that  only  a  relatively  simple  manufacturing  adjustment  would 
be  required  to  produce  chloride  and  alkalinity  test  strips  that  would  fully 
meet  the  criteria.  Complete  failure  of  the  hardness  strips,  on  the  other 
hand,  as  shown  by  the  TECOM  results,  indicates  that  the  test  strip  reagent- 
matrix  composition  does  not  have  the  necessary  sensitivity  to  provide  adequate 
resolution  within  the  required  range;  additionally  the  present  composition 
may  be  not  sufficiently  stable  to  give  acceptably  reproducible  values. 

Whether  these  deficiencies  can  be  corrected  merely  by  improved  quality  con¬ 
trol  during  manufacture  or  whether  further  development  and  testing  are  re¬ 
quired  to  produce  an  acceptable  hardness  test  strip  cannot  be  determined 
without  a  careful  study  of  the  present  test  strip  composition  and  reaction 
characteristics . 


CONCLUSIONS 

1.  The  chloride  and  alkalinity  test  strips  partially  met  the  criteria. 

2.  The  hardness  test  strips  failed  to  meet  the  criteria. 

3.  A  dip  strip  test  for  sulfate  is  feasible. 


RECOMMENDATIONS 


It  is  recommended  that: 

1.  TROSCOM  procure  and  retest  chloride  and  alkilinity  test  strips 
modified  to  meet  the  specified  criteria. 

2.  TROSCOM  initiate  development  to  perfect  dip  strip  tests  for  hardness 
and  sulfate,  and  other  tests  in  the  Water  Quality  Analysis  Set,  Engineer. 

3.  The  Office  of  the  Surgeon  General  pursue  development  to  apply  the 
dip  strip  test  concept  to  the  Water  Quality  Analysis  Set,  Preventive  Medicine. 
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APPENDIX  A 


FINAL  LETTER  REPORT  OF 

PRODUCT  IMPROVEMENT  TEST  OF  IMPROVED  FIELD  WATER  ANALYSIS  TESTS 
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STEAP-MT-F 


DEPARTMENT  OF  THE  ARMY 

ABERDEEN  proving  GROUNDMr.  Kamenik/sj w/870-2510 
ABERDEEN  PROVING  GROUND.  MARYLAND  21005 


SUBJECT:  Final  Letter  Report  of  Product  Improvement  Test  of  Improved 
Field  Water  Analysis  Tests,  LWL  Task  Ol-B-74,  TECOM  Project 
No.  7-ES-225-000-003 ,  Report  No.  APG-MT-4417 


Commander 

US  Army  Land  Warfare  Laboratory 
ATTN:  AMXLW-TS 


1 .  REFERENCES : 

a.  Letter,  AMXLW-TS,  14  Sep  73,  subject:  Improved  Field  Water 
Analysis  Tests,  LWL  Task  0.1.-B-74 ,  AMCMS  No.  673701.12.71900. 

b.  Letter,  AMSTE-GE,  4  Oct  73,  subject:  Test  Directive,  Product 
Improvement  Test  of  Improved  Field  Water  Analysis  Tests,  LWL  Task  01- 
w_74^  TECOM  Project  Nrt.  7-E?-?‘>t*-nnn-ons . 

c. .  Letter,  CDCMS-0,  7  Aug  72,  subject:  Department  of  the  Army 
Approved  Materiel  Need  (Engineering  Development)  (MN(ED))  for  Water 
Quality  Analysis  Set,  Engineer. 

d.  Test  Plan,  Development  Test  (DT)  (Engineering  Phase)  II  of 
Water  Quality  Analysis  Sets,  Engineer,  Preventive  Medicine  and  Medical 
Laboratory ,  TECOM  Project  No.  7-ES-225-000-001,  Sep  73. 

2.  BACKGROUND: 


a.  The  US  Army  Land  Warfare  Laboratory  (LWL)  has  developed  a  water 
analysis  kit  for  use  in  l.ieu  of  the  current  standard  Water  Quality 
Control  Set,  ESN  6630-262-7288.  In  a  letter  (reference  a)  to  the  US 
Army  Test  and  Evaluation  Command  (TECOM),  LWL  requested  that  components 
(improved  Field  Water  Analysis  Tests)  of  this  kit  be  evaluated  in  con¬ 
junction  with  the  Wdter  Quality  Analysis  Sets  described  in  reference  d. 
A  lest  plan  outline,  attached  as  Inclosurc  .1,  was  prepared  to  confirm 
the  exact  methods  and  procedures  which  would  be  utilized  to  evaluate 
tl><:  lest  items. 
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b.  The  test  items  to  be  evaluated  are  those  for  determining 
chlorides,  alkalinity,  and  hardness.  The  chloride  and  alkalinity  tests 
consist  of  3-inch  long  by  1/2-inch  wide  capillary  strips  which  have  a 
graduated  backing  card  that  is  interpreted  by  reference  to  a  calibration 
table.  The  strips  are  treated  to  detect  chlorides  or  alkalinity  respec¬ 
tively.  The  hardness  test  is  a  chemically  treated  spot  and  color 
comparison  chart  for  determining  the  reading.  The  test  items  eliminate 
the  necessity  to  manipulate  fragile  glassware  or  to  prepare  or  measure 
reagents. 

c.  The  purpose  of  the  test  was  to  determine  how  the  improved  field 
water  tests  compare  with  the  requirements  specified  in  reference  c.  Two 
hundred  and  fifty  chloride  test  strips  and  three  hundred  each  of  the 
alkalinity  and  hardness  test  strips  were  provided  for  testing.  A  number 
of  each  were  exposed  to  solutions  of  known  concentration  to  verify  their 
range  and  accuracy.  This  evaluation  was  conducted  at  Aberdeen  Proving 
Ground  (APG)  during  the  period  from  26  November  1973  through  11  February 
1974. 

o  rp-norp  r*r>  tpottupp  . 

W •  1UU4  X • UU • 

a.  To  determine  the  range,  accuracy,  and  precision  of  the  test 

items.  .  .  .  . 

b.  To  determine  the  degree  to  which  the  test  items  meet  the  per¬ 
formance  requirements  for  chlorides,  alkalinity,  and  hardness  of  the 
approved  Materiel  Need  (MN). 

4 .-4  SUMMARY  OF  RESULTS: 

a.  The  test  plan  outline,  attached  as  Inclosure  1,  provides  details 
of  the  procedure  used  in  evaluating  the  improved  field  water  tests. 

Also,  attached  as  Inclosure  2  are  the  appropriate  excerpts  from  reference 
d  which  are  referenced  in  the  test  plan  outline. 

b.  Standard  solutions  were  made  up  for  each  required  concentration 
and  for  the  end  points  on  the  range  specified  by  the  manufacturer  and 
the  test  was  conducted  as  follows: 

1)  Chloride  Tost  -  Standard  solutions  were  prepared  with  sodium 
chloride  to  concentrations  of  36,250,  600,  1000,  and  1200  parts  per 
million  (ppm)  chloride  (C1‘).  The  chloride  test  strip  was  placed 
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vertically  in  a  beaker  containing  one  of  the  aforementioned  chloride 
concentrations.  The  liquid  level  in  the  beaker  was  enough  to  emerse 
only  half  the  strip.  The  strip  was  left  in  the  beaker  until  the  self¬ 
timing  indicator  (a  spot  at  the  top  which  turns  blue  when  water  reaches 
it  -  approximately  12  minutes)  turned  blue.  Each  strip  was  read  and 
the  result  recorded.  The  results  of  up  to  57  repeated  tests  are  provided 
in  Table  4-1,  Inclosure  3. 

2)  Alkalinity  Test  -  The  criteria  in  the  MN(ED)  (reference  c)  is 
based  on  calcium  carbonate  (CaC03>  as  a  measure  of  alkalinity.  The 
improved  field  water  analysis  alkalinity  test  is  based  on  sodium  hydrox¬ 
ide  (NaOH).  Consequently,  to  comparatively  evaluate  the  test,  a  calibra¬ 
tion  curve  was  prepared  using,  as  a  reference,  standard  solutions  of 
sodium  carbonate.  Solutions  equivalent  to  7500,  500,  125,  and  120  mg 
CaC03/l  were  prepared. 

The  alkalinity  test  strip  was  placed  vertically  in  a  beaker  containing 
one  of  the  aforementioned  solutions  at  a  level  so  as  to  emerse  only  half 
the  strip.  The  strip  was  left  in  the  beaker  for  approximately  15  minutes 

»m_  -  — i —  -  —  .. ....  J  .  — t  t J  a J  ....  i  • j *>__  <->  r\ _ __  j  ^  j 

i  nc;  ocx  j-±j  wuo  i  cmuvcu  }  cx-c wc;vjl  tc  uevexe^/  apyj.  wXa.uici  ic ±.y  oo  occwnuo  ,  i  , 

and  the  result  recorded.  Table  4-2,  Inclosure  3,  provides  the  results 
of  up  to  53  repeated  tests. 

3)  Hardness  Test  -  Standard  solutions  of  calcium  chloride  were 
prepared  to  provide  the  equivalent  in  hardness  to  0,  20,  250,  and  425 
ppm  as  calcium  carbonate  (CaCC^).  A  test  strip  was  dipped  in  one  of 
the  solutions  and  removed  immediately.  Excess  solution  was  shaken  from 
the  strip.  The  color  which  developed  after  about  15  seconds  was  compared 
with  the  color  chart  provided  on  the  jar  of  test  strips.  The  results  of 
up  to  61  repeated  tests  are  provided  in  Table  4-3,  Inclosure  3. 

c.  For  each  standard  solution,  the  average  concentration,  the 
standard  deviation  about  the  average  and  the  95%  confidence  interval 
on  the  mean  concentration  were  calculated.  The  95%  tolerance  interval, 
for  which  it  may  be  said  with  95%  confidence  at  least  90%  of  the  concen¬ 
tration  population  lies,  was  also  calculated.  The  results  of  these 
determinations  are  provided  in  Tables  4-4,  4-5,  and  4-6,  Inclosure  3. 
Plots  relating  deviation  and  known  concentration,  where  deviation  is  the 
average  observed  concentration  minus  the  known  concentration,  are  given 
in  Figures  I,  II,  and  III,  Inc.losure  4. 
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5.  CONCLUSIONS: 


a.  The  chloride  test  strips  partially  meet  the  criteria.  The. 
requirement  for  range  of  10  to  1200  ppm  is  not  met  since  the  chloride 
test  strip  with  a  range  of  36  to  1200  ppm  cannot  detect  to  the  lower 
limit  required.  The  accuracy  requirement  is  considered  to  have  been  met 
The  95%  Confidence  Interval  on  the  Mean  (CIM)  is  within  the  criteria 
accuracy  interval  for  the  600  ppm  Cl".  ■  The  95%  CIM  upper  limit  exceeds 
the  upper  limit  of  the  accuracy  interval  for  250  and. 1000. ppm  Cl  .  The 
95%  Tolerance  Interval  (90%  of  concentration  population  with  95%  stated 
confidence)  indicate  valves  within  the  lower  limit  requirements  for  250, 
600,  and  1000  ppm  Cl-,  however,  all  three  upper  limit  requirements  were 
exceeded . 


b.  The  alkalinity  test  strips  partially  meet  the  criteria.  The 
range  requirement  is  not  met  since  the  strips  cannot  detect  the  lower 
range  limit  of  5  mg/1  as  CaC03.  The  strip  range,  as  stated  by  the  manu¬ 
facturer,  is  0.01  to  0.6%  NaOH  which  equates  to  a  range  of  125  to  7500 
mg/1  as  CaC03.  The  required  range  is  5  to  500  mg/1  as  CaC03.  The 
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Confidence  Interval,  on  the  Mean  falls  within  the  accuracy  interval  for 
the  most  part  (see  Table  4-5,  Inclosure  3).  The  deviation  from  the 
known  concentration  however  increases  greatly  (332.8  ppm  versus  6.8 
to  13  ppm)  at  the  high  range. 

c.  The  hardness  test  strips  do  not  meet  the  criteria.  The. required 
range  is  20  to  9000  mg/1  as  CaC03-  The  manufacturer  stated  strip  range 
is  only  0  to  425  mg/1  as  CaC03  (0  to  425  ppm  CaC03).  In  addition,  the 
results  obtained  for  the  250  and  425  mg/1  solutions  were  almost  the 
same  (see  Tabic  4-3,  Inclosure  3).  This  indicates  the  upper  limit  of. 
the  upper  limit  at  110  to  140  mg/1  as  CaC03.  The  hardness  test  strips 
did  not  meet  the  accuracy  requirement  of  250  ±  33  mg/1  as  CaC03 .  The 
95%  CIM  has  an  upper  limit  of  117.2  mg/1  and  a  lower  limit  of  104^8 
mg/1  as  CaC03.  A3  so  the  95%  Tolerance  Interval  indicates  that  90%  of 
the  concentration  population  lies  between  64.3  and  157./  mg/1  as  CaC03 . 


The 
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lSjEc?rrFinal  Letter  Report  of  Product  Ijjprovement  Test  of  Im^oved 
Field  Water  Analysis  Tests,  LWL  Task  Ol-B-74,  TECOM  Project 
No.  7-ES-225-000-003,  Report  No.  APG-MT-4417 

averare  concentration  1.  in  error  by  S5.6t.  A  ro»i«  of  ^e  method 
strips  rather  than  the  method  used. 


FOR  THE  COMMANDER: 
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Acting  Associate  Director 
Materiel  Testing  Directorate 
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DEPARTMENT  OP  THE  ARMY 

Aberdeen  proving  grouno  Mr .  Kamenik/s j w/870-2510 

ABERDEEN  PROVING  GROUN0.  MARYLAND  21005 


s  6  NOV  1973 


SUBJECT:  Test  Plan  Outline  for  Testing  Improved  Field  Water  Tests, 
LWL  Task  Ol-B-74,  TECOM  Project  Mo.  7-ES-225-000-003 


r  i 

Com:.;,  .r.d  or 

US  Army  land  Warfare  Laboratory 
ATTN :  AMXLW-TS 


1.  REFERENCES: 

a.  Letter,  AMSTE-GE,  4  Oct  73,  subject:  Test  Directive,  Product 
Improvement  Test  of  Improved  Field  Water  Analysis  Tests-,  LWL  Task  Cl- 
B-7'i,  TECOM  Project  Mo.  7-ES-225-000-003  (Inclosure  1). 

b.  Test  Plan,  Development  Test  (DT)  (Engineering  Phase)  II  of 
Water  Ouality  Analysis  Sets,  Engineer,  Preventive  Medicine  and  Medical 
Labor. Lory,  TECOM  Project  No.  7-ES-225-000-001,  Sep  73  (Inclosure  2). 

c.  Letter,  CDCMS-0,  7  Aug  72,  subject:  Department  of  the  Army 

Approved  Materiel  Need  (Engineering  Development)  (MN(ED))  for  Water 
Quality  Analysis  Set,  Engineer.  .  -  -  • 

2.  BACKGROUND: 

The  US  Army  land  Warfare  Laboratory  (LWL)  has  developed  a  water 
an- ilvr- is  kit  for  iise  in  lieu  of  the  current  standard  Water  Quality 
Control.  Set,  FSN  6630-262-7288 .  In  a  letter  (reference  a)  to  the  US 
Army  Tost  and  Evaluation  Command  (TECOM),  LWL  requested  that  components 
(Tmprov.'d  Field  Water  Analysis  Tests)  of  this  kit  be  evaluated  in  con¬ 
junction  with  the  Water  Quality  Analysis  Sets  described  in  reference  b. 
Th if.  test  plan  outline  was  prepared  to  confirm  the  exact  methods  and 
procedures  which  will  be  utilized  to  evaluate  the  test  items. 

3.  DESCRIPTION  OF  MATERIEL: 

The  test  items  to  be  evaluated  are  chlorides,  alkalinity,  and  hard¬ 
ness  tests.  The  chloride  and  alkalinity  tests  consists  of  3-inch  long 
by  1/2- inch  wide  capillary  strips  which  have  a  graduated  backing  card 
that  is  interpreted  by  reference  to  a  calibration  table.  The  strips 
are  treated  to  detect  chlorides  or  alkalinity  respectively.  The 
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SUBJECT:  Tost  Plan  Outline  for  Testing  Improved  Field  Water  Tests, 

LWL  Task  03-B-74,  TECOM  Project  No.  7-ES-225-000-003 

hardness  test  is  a  chemically  treated  spot  and  color  comparison  chart 
for  determining  the  reading.  The  test  items  eliminate  the  necessity 
to  manipulate  fragile  glassware  or  to  prepare  or  measure  reagents. 

»l.  TEST  OBJECTIVES: 

a.  To  determine  the  range,  accuracy,  and  precision  of  the  test 

i  fern:'. . 

b.  To  determine  the  degree  to  which  the  test  items  meet  the  per¬ 
formance  requirements  for  chlorides,  alkalinity,  and  hardness  of  the 
approved  Materiel  Need  (MN). 

5.  TEST  PROCEDURE: 

The  test  items  will  be  evaluated  in  accordance  with  paragraphs 
?.3.2a4),  6),  and  8);  2.3.3  (with  the  exception  of  interference  evalua¬ 
tions);  and  2. 3. 4. Id,  f,  and  h  of  reference  b.  The  analytical  plan 
will  be  as  follows: 

I\,1*  a.iCii  sample  ui  measurement s  for  the  ^  test  items,  the  average 
concentration,  the  standard  deviation  about  the  average,  and  the  95% 
confidence  interval  on  the  mean  concentration  will  be  calculated.  The 
accuracy  criteria  will  be  considered  to  have  been  met  if  the  confidence 
interval  on  the  mean  concentration  falls  within  the  criteria  interval. 

The  range  criteria  will  be  considered  to  have  been  met  if  the  kit  can 
provide  results  over  the  criteria  decision  concentration  range. 

For  each  sample,  the  95%  tolerance  interval  will  also  be  calculated. 
This  will  be  the  interval  in  which  it  may  be  stated  with  95%  confidence 
it  least  90%  of  the  concentration  population  lies. 

It  is  assumed  that  concentration  measurements  are  normally  distributed 
random  variables. 

Curves  will  be  plotted  relating  deviation  and  known  concentration 
where  the  deviation  is  the  average  observed  concentration  minus  the 
known  concentration. 
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L.WL  Task  Ol-D-74 ,  TECOM  Project  No.  7-ES-225-000-003 

6.  GENERAL  INFORMATION: 

% 

The  cdst  estimate  submitted  to  TECOM  was  based  on  the  above  p 
test.  Any  increase  in  the  scope  of  test  from  that  presented  will 
require  additional  funds. 

FOR  THE  COMMANDER: 
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H.  A.  BECHTOL 

Acting  Associate  Director 

Materiel  Testing  Directorate 


as 


CF: 

Cdr,  TECOM 
ATTN:  AMSTE-GE 
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EXCERPTS  TROM  REFERENCE  D,  TEST  PLAN,  TECOM  PROJECT  NO.  7-ES-225-000-001 

2.3  CHEMISTRY  PERFORMANCE 

2.3.1  Objectives 

a.  To  determine  the  degree  to  which  the  water  quality  analysis 
sets  (ES,  PMS ,  and  MLS)  are  capable  of  detecting  the  chemical 
elements  and  compounds  as  specified  in  the  MN(ED)  documents  for 
each  of  the  three  sets. 

b.  To  determine  if  the  measurement  accuracies  of  the  ES,  PMS,  and 
MLS  are  as  specified  in  the  Purchase  Description  for  Water 
Quality  Analysis  Sets,  4  October  1972  and  the  DASG  Recommended 
Performance  Criteria  (Reference  5). 

2.3.2  Criteria  (  Offer  I  a  utilized  Ml  bil&chzfecl  ) 

a.  The  Water  Quality  Analysis  Set,  Engineer,  shall  provide 

equipment,  chemicals  and  accessories  to  permit  the  operator 
to  perform  the  following  tests  (MN(ED),  ES,  Section  VI, 
para  b(5)). 

1)  Turbidity.  The  turbidity  measurements  fop  determining 
filter  performance  will  be  within  the  range  of  5  to  10 
units  and  for  selection  of  raw  water  sources  will  be  with¬ 
in  the  range  of  25.0  to  20Q_units.  High  turbidities  require 
greater  expenditure  of  operating  chemical  supplies  for 
water  treatment  (MN(ED),  ES,  Section  VI,  para  b(5)(a); 

T*n  n...* .  i  m .  v  n  tttN  m** 

v-**,  ivv.vxoa.ua  jl9  iclu j.c  me  dccuTdcy  or  xne  kii  sna±± 

be  as  follows:  5  JTU  ±  5  JTU,  50  JTU  +  10  JTU,  and 
(100  JTU  +  20  JTU  (Purchase  Description,  Annex  A). 

2)  pH.  The  measurements  of  pH  will  be  within  the  range  of 
3.0  to  11.0  units  for  selection  of  water  sources  and  check¬ 
ing  ion  exchange  for  column  exhaustion  and  regeneration 
rinse  requirements  in  the  operation  of  ion  exchange  equip¬ 
ment  and  for  determining  the  minimum  acid  requirements  in 
removing  scale  from  distillation  equipment  (MN(ED),  ES, 
Section  VI,  para  b(5)(b)).  The  accuracy  of  the  kit  shall 
be  as  follows:  +0.5  unit  at  all  pH  values  (Purchase 
Description,  Annex  N). 

3)  Chlorine-Residual.  Chlorine  residual  measurements  using 
the  Modified  Ort.hotolid.inc-Arsenite  Test  or  future  devel¬ 
opmental  item  shall  be  capable  of  determining  free  and 
total  residual  chlorine  in  the  range  of  0.1  to  10  mg/1 
for  adjustment  of  calcium  hypochlorite  dosage  with  field 
purification  equipment  (MN(ED) ,  ES,  SectionVl,  para  b(5)(c). 
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4)  Chlorides.  Chloiude  measurements  will  be  within  the  range 
of  10  to  1000  mg/1  for  selection  of  proper  water  treatment 
process.  Chloride  determination  is  also  required  in  the 
operation  of  distillation  equipment  to  measure  raw  water 
contamination  of  distillate  due  to  heat  exchange  or  evap¬ 
orator  tube  leakage,  priming,  foaming  or  other  adverse 
operational  characteristics  (MN(ED),  ES,  Section  VI, 

para  b(5)(d)).  The  accuracy  of  the  kit  shall  be  as 

follows:  25  mg/1  ±  13  mg/1,  250  mg/1  ±  29  mg/1,  600  mg/1  ±  55 

mg/1,  and  1000  mg/l  +  70  mg/1  (Purchase  Description,  Annex  B).^ 

5)  Sulfates.  The  sulfate  measurements  will  be  within  the  range 
of  100  to  3000  mg/l  for  selection  of  water  source  and  treat- 
ment  process  to  be  used.  Sulfate  measurements  also  deter¬ 
mine  scaling  potential  of  water  and  prescribe  operating 
procedures  for  distillation  equipment  (MN(ED),  ES, 

Section  VI,  para  b(5)(e)).  The  accuracy  of  the  kit  shall 

be  as  follows:  250  mg/l  +  78  mg/l,  400  mg/l  ±  106  mg/l 
and  2700  mg/l  +  502  mg/l  (Purchase  Description,  Annex  C). 

~6)  Hardness.  The  hardness  measurements  will  be  within  the 
range  of  20  to  9000  mg/l  as  calcium  carbonate  (CaC03)  to 
determine  the  exhaustion  of  the  softening  capacity  of  ion 
exchange  resins  and  their  operating  cycle  duration.  Hard¬ 
ness  measurements  are  essential  to  anticipate  logistical 
support  for  operation  of  ion  exchange  softening.  Test 
shall  also  permit  measurement  .of  calcium  hardness  to 
determine  the  r*;*! •'•ium  sulphate  scaling  potcnLxcii  ui 
brackish  waters.  Calcium  hardness  determination  is  also 
required  to  calculate  magnesium  content  of  water  (MN(ED),  ES, 
Section  VI,  para  b(5)(f).  The  accuracy  of  the  kit  shall  be 
as  follows:  250  mg/l  +  33  mg/l  and  9000  mg/l  +  600  mg/l 
(Purchase  Description,  Annex  D). 

7)  Chlorine  Demand.  The  chlorine  demand  test  procedure,  with 
the  aid  of  the  chlorine  residual  test  apparatus,  shall  be 
used  as  a  guide  for  selection  of  water  source  and  deter¬ 
mining  the  amount  of  chlorine  needed  to  treat  a  given 
source  of  water.  The  chlorine  demand  is  indicative  of 
the  degree  of  contamination  which  is  a  valuable  indicator 
for  suspected  gross  area  contamination  (MN(ED),  ES, 

Section  VI,  para  b(5)(g).  The  chlorine  reagent  shall  be  of 
the  tablet  form  and  shall  be  formulated  so  that  one  tablet 
when  added  to  200  ml  of  water  shall  a.dd  5  ppm  +  0.5  ppm 
chlorine  to  the  water  (Purchase  Description,  Annex  E). 
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0)  Alkalinity.  The  alkalinity  measurements  will  be  within 
the  range  of  5  to  500  mg/1  as  a  calcium  carbonate  (CaCOg) 
which  is  an  indication  of  scaling  potential  in  the  distil¬ 
lation  of  saline  waters.  The  amount  of  acid  used  to 
remove  magnesium  hydroxide  scale,  is  directly  proportional 
to  the  alkalinity  of  the  feed  water  (MN(ED),  ES,  Section  VI, 
para  b(5)(h)).  The  accuracy  of  the  kit  shall  be  as  follows: 
120  mg/1  +  10  mg/1  and  500  mg/1  +  50  mg/1  (Purchase  Descrip¬ 
tion,  Annex  F). 

9)  Color.  Color  measurements  will  be  within  the  range  of 
10  to  200  units  as  an  aid  in  the  selection  of  a  water 
source  (MN(ED) ,  ES,  Section  VI,  para  b(5)(i)).  The 
accuracy  of  the  test  shall  be  as  follows:  15  units  +  5 
units  and  50  units  +  15  units  (Purchase  Description, 

Annex  G). 

10)  Coagulation  Tests.  Equipment  for  performing  coagulation 
tests  to  determine  optimum  chemical  dosages  in  coagulation 
processes  shall  be  included  to  aid  in  selection  of  water 
source  and  maintain  efficient  operation  of  ^.agulation- 
filtration  processes  (MN(ED),  ES,  Section  VI,  para  b(5)(j)). 
The  ferric  chloride  solution  shall  be  contained  in  plastic 
bottles  with  droppers  or  in  self-contained  dropper  bottles. 
The  ferric  chloride  solution  shall  be  formulated  so  that 
one  drop  of  solution  is  equivalent  to  10  ppm  of  ferric 
chloride  when  added  to  200  ml  of  water  (Purchase  Des¬ 
cription,  Annex  E). 

11)  Total  Dissolved  Solids.  The  sets  shall  include  a  conductiv¬ 
ity  meter  calibrated  in  milligrams  per  liter  of  total  dis¬ 
solved  solids.  The  meter  shall  be  capable  of  determining 
the  total  dissolved  solids  in  1  to  50  and  50  to  5000  mg/1 
ranges  (MH(ED),  ES,  Section  VI,  para  b(5)(m)). 

b.  The  Water  Quality  Analysis  Set,  Preventive  Medicine,  shall  pro¬ 
vide  equipment,  chemicals,  and  accessories  to  permit  the  operator 
to  perform  all  of  the  tests  prescribed  by  the  Water  Quality 
Analysis  Set,  Engineer  (para  2.3.2a  above)  and  the  following 
additional  tests  (MN(ED) ,  PMS,  Section  VI,  para  b(5))  (See 
Appendix  IIB  for  tolerances): 

1)  Turbidity.  Measurements  shall  be  capable  of  detecting  the 
presence  of  turbidity  in  the  range  of  5  to  500  units  (MN(ED) ,' 
PUS,  Section  VI,  para  b(5)(c);  CTP  Revision  1,  Table  III). 

2)  Zinc.  Measurements  shall  be  capable  of  detecting  the 
px’esence  of  zinc  in  the  range  of  1  to  20  mg/1  (MN(ED) ,  PMS, 
Section  VI,  para  b(5)(d)). 

3)  Fluoride.  Measurements  shall  be  capable  of  detecting  the 
presence  of  fluoride  in  the  range  of  0.1  to  10.0  mg/1 
(MN(ED),  PMS,  Section  VI,  para  b(5)(e)). 
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3)  Barium.  Measurements  shall  be  capable  of  detecting  barium 
in  the  range  of  0.1  to  5.6  mg/1  (MN(ED),  MLS,  Section  VI, 
para  b(5)(c)). 

4)  Cadmium.  Measurements  shall  be  capable  of  detecting  the 
presence  of  cadmium  in  the  range  of  0.001  to  0.100  mg/1 
(MN(ED),  MLS,  Section  VI,  para  b(5)(d)). 

5)  Chromium  (Cr+6).  Measurements  shall  be  capable  of  detecting  ! 

the  presence  of  chromium  in  the  range  of  0.01  to  1.0  mg/1 
(MN(ED),  MLS,  Section  VI,  Para  b(5)(e)). 

I 

6)  Cyanide.  Measurements  shall  be  capable  of  detecting  cyanide  ; 

in  the  range  of  0.10  to  5.00  mg/1  (MN(ED) ,  MLS,  Section  VI, 

para  b(5)(f)). 

7)  Lead.  Measurements  shall  be  capable  of  detecting  lead  in 

the  range  of  0.01  to  1.00  mg/1  (MN(ED),  MLS,  Section  VI,  j 

para  b(5)(g)). 

t 

8)  Mercury.  Measurements  shall  be  capable  of  detecting  mercury 

in  the  range  of  0.001  to  0.100  mg/1  (MN(-ED) ,  MLS,  Section  VI,  j 

para  b(5)(h)). 

i 

•  .  V 

9)  Ammonia  Nitrogen  (NH3).  Measurements  shall  be  capable  of 
detecting  ammonia  nitrogen  (NH3)  in  the  range  of  0.001  to 
0.100  mg/1  (MN(ED) ,  MLS,  Section  VI,  para  b(5)(i)). 

1 

10)  Selenium.  Measurements  shall  be  capable  of  detecting  : 

selenium  in  the  range  of  0.001  to  0.100  mg/1  (MN(ED) ,  MLS, 

Section  VI,  para  b(5)(j)K  i 

11)  Sulfates.  Measurements  shall  be  capable  of  detecting  sulfates 
in  the  range  of  10.0  to  3000  mg/1  (MN(ED) ,  MLS,  Section  VI, 
para  b(5)(k)). 

1 

12)  Copper.  Measurements  shall  be  capable  of  detecting  the 
presence  of  copper  in  the  range  of  0.1  to  5.0  mg/1 
(MN(ED),  MLS,  Section  VI,  para  b(5)(l)). 

2.3.3  Method  (  U I iti zed  /S  bipeketed  ) 

Standard  solutions  of  known  concentrations  will  be  made,  using  the 
individual  elements  and/or  compounds  that  a  specific  test  set  is  designed 
to  detect.  These  solutions  will  be  used  to  determine  the  ability  of 
the  set  to  detect  the  ingredient  in  the  concentrations  specified. 

The  following  test  will  be  conducted  to  determine  if  individual 
elements  and/or  compounds,  when  mixed  with  other  elements  and/or 
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compounds,  act  synergistically  to  interfere  with  the  detection  of  the 
given  ingredient  that  a  test  set  is  supposed  to  detect: 

a.  The  test  set  will  be  used  to  detect  and  identify  concentrations 
of  ingredients  in  a  series  of  solutions  with  known  quantities 
of  mixed  ingredients  added  to  double-distilled  water.  These 
solutions  will  be  mixed  based  on  known  interference  conditions 
as  specified  by  the  standard  methods. 

b.  Three  samples  of  water  from  various  local  sources  (i.e. ,  tap, 
stream,  and  bay  water)  will  be  analyzed  in  the  laboratory  for 
content  and  concentration.  The  ES  will  then  be  used  to  detect 
and  identify  the  concentration  of  ingredients  that  have  been 
determined  to  be  present  in  the  water  sample. 

The  series  of  tests,  except  for  those  conducted  to  determine  interferences, 
will  be  conducted  both  prior  to  and  after  the  environmental  subtest 
(para  2.4)  to  determine  the  ability  of  the  ES,  PMS,  and  MLS  to  withstand 
the  environmental  conditions  specified. 

Testing  will  be  performed  by  laboratory  personnel  under  laboratory 
conditions  in  a  temperature-  and  humidity-controlled  environment.  Each 
analysis  performed  will  be  accomplished  using  the  instructions  provided 
for  each  of  the  test  sets. 

The  quality  of  performance  of  the  test  sets  (ES,  PMS,  and  MLS)  will  be 
determined  by  means  of  instrumental  and  analytical  chemistry  techniques . 

2.3.4  Data  Required  -and-A^alytiGal  Plan-  (  Requir'd  ijU btedCcTed) 

2. 3. 4.1  Engineer  Set.  The  following  data  is  required: 


a.  Turbidity: 

1)  Measurement  range,  Jackson  turbidity  units  (JTU). 

2)  Accuracy  at: 

a)  5  JTU. 

b)  50  JTU. 

c)  100  JTU. 

b.  pH: 

1)  Measurement  range,  pH  (units). 

2)  Accuracy  at  all  pH  values. 
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c.  Chlorine  Residual.  Measurement, range  for  determining  free  and 
total  residual  chlorine,  in  mg/1. 

d.  Chlorides: 

1)  Measurement  range,  mg/1. 

2)  Accuracy  at: 

a)  25  mg/1. 

b)  250  mg/1. 

c)  600  mg/1. 

d)  1000  mg/1. 

e .  Sulfates : 

1)  Measurement  range,  mg/1. 

2 )  Accuracy  at : 

a)  250  mg/1. 

b)  400  mg/1. 

c)  2700  mg/1. 

f.  Hardness  as  CaCOg: 

1)  Measurement  range,  mg/1. 

2 )  Accuracy  at : 

a)  250  mg/1. 

b)  9000  mg/1. 

g .  Chlorine  Demand : 

1)  Concentration  of  chlorine,  ppm. 

2)  Concentration  accuracy  of  chlorine  reagent  tablets,  ppm. 

h.  Alkalinity  as  CaCOg: 

1)  Measurement  range,  mg/1. 
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2)  Accuracy  at: 

i\)  120  mg/1. 

b)  500  mg/1. 

i .  Color : 

1)  Measurement  range,  color  units. 

2)  Accuracy  at: 

a)  15  units. 

b)  50  units. 

j.  Problems.  Any  problems  encountered  with  the  coagulation  test. 

k. .  Range.  Measurement  range  for  determining  total  dirralved 

solids,  mg/1. 

2. 3.4.2  Preventive  Medicine  Set.  All  the  data  indicated  in  para¬ 
graph  2. 3. 4.1,  plus  the  following  data,  will  be  obtained  to  the  near¬ 
est  0.1%  of  value: 

a*  Turbidity: 

1)  Measurement  range,  JTU. 

2)  Accuracy  at:  -  -  • 

a)  5.0  JTU. 

b)  500  JTU. 
b‘.  Zinc : 

1)  Measurement  range,  mg/1. 

2)  Accuracy  at  5  mg/1. 
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Table  4-1 

Chloride  Test  Results 


Sample  No. 

Solution  1 
1200  ppm  Cl* 

Solution  2 
1000  ppm  Cl" 

1 

/320  * 

7020 

Z 

n/o 

7090 - 

3 

/zoo 

zoso  ' 

4 

/m 

960 

5 

1/70 

/0B0  . 

6 

7770 

tuo  - 

7 

1200 

i//0  - 

8 

1020  * 

/aso  * 

9 

1020  ‘ 

-  . 

/ & 

H40 

todo  * 

// 

a  7o 

/02O  - 

tz 

1200 

/fl£?0  - 

1 3 

1170 

- 

/4 

1200 

/<?&>  - 

H4  a 

7050  - 

/'6 

Ii46 

///0  - 

tr 

(200 

/0£0  - 

IS 

1200 

mo  * 

19 

12.05 

///d  - 

zo 

/200 

///<?  • 

21 

/zee 

1030  - 

■>? 

1 2C0 

7030  - 

23 

H70 

1090 

1200 

mo  - 

25 

U4C 

///<?  - 

26 

me 

mo  - 

27 

12C6 

iOZO 

23 

mo 

IOQO  " 

■:) 

i/70 

/C«d  - 

SO 

iZCO 

/6v?C>  - 

?A 

1190 

/660  " 

32 

mo 

inO  " 

j:> 

It  70 

/fttf  - 

M 

1170 

///<?  - 

3‘j 

— 

///iy  ' 

:k' 

— 

II '70  - 

37 

— * 

h/O  - 

33 

— 

/<;■:<?  - 

37 

— 

/£&}  ‘ 

4<2 

— 

mo  - 

41 

— 

//“/£}  ' 

40 

-  - 

///r  ' 

/  ,  /  , 


Solution  3 
600  ppm  Cl" 

Solution  4 
250  ppm  Cl" 

Solution 
36  ppm  Cl 

<56>£) 

231 

*36 

23/ 

675 

222 

*36 

600 

240 

*36 

6/5 

231 

*36 

535 

231 

36 

600 

2  37 

*36 

6/5 

222 

36 

660 

222 

36 

600 

222 

*36 

•  600 

222 

36 

6C0 

222 

36 

63  0 

222 

*36 

585- 

231 

36 

6m 

731 

=$7. 

loo 

222 

36 

590 

213 

36 

.675 

222 

36 

600 

150 

36 

6/5 

250 

*36 

600 

240 

*36 

650 

22  2 

*36 

585 

240 

36 

590 

222 

36 

570 

222 

36 

570 

222 

36 

5/0 

222 

*36 

565 

213 

36 

6CO 

222 

600 

222 

*3(o 

660 

23  i 

*36 

600 

21 3 

36 

535 

Z3i 

*36 

COO 

240 

*36 

570 

240 

*36 

675 

222 

30 

6t  0 

222 

— 

67  S 

2  1/ 

— 

<-/ 5 

240 

— 

222 

— 

585 

2ii 

— 

u/5 

240 

— 

Table  4-1 

Chloride  Test  Results 
Cont . 


Sample  No. 


43 

44 

45 
4G 

47 

48 

49 

50 

51 

52 

53 

54 
5:> 
56 
5/ 


Solution  1 
1200  ppm  Cl" 


Solution  2 
1000  ppm  Cl 


/0S0  • 

mo 
1060  ' 
1060 
mo  - 

I0B0  - 

mo  ■ 
/060 
tow  ' 
mo 
mo 
tczc 
<960 
%0 
960 


Solution  3 
600  ppm  Cl' 


070 
365 
C\ 5 
6C0 
S65 
600 
540 
600 
630 
6/5 
630 
650 
615 

540 

600 


Solution  4' 
250  ppm  Cl" 


222 

222 

222. 

23/ 

356 

231 

231 

240 

23! 

23/ 

240 

240 

23/ 

240 

240 


Solution  5 
36  ppm  Cl" 


Table  4-2 

Alkalinity  Test  Results 


Sample  No. 

So Jut ion  1 

7500  mg  CaC03/l 
(0.6%  NaOH) 

Solution  2 

500  mg  CaCO^/l 

Solution  3 

125  mg  CaC03/l 
(0.01%  NaOH) 

Solution  4 

120  mg  CaC03/l 

/ 

6600 

550 

too 

125 

Z 

6600 

+50 

75 

725 

3 

66  CO 

550 

zoo 

125 

4 

7630 

.  550 

too 

75 

5 

7500 

+50 

/ 25 

US 

6 

7150 

450 

75 

iZ5 

7 

7500 

450 

too 

125 

8 

6600 

500 

H  5 

too 

9 

li  50 

450 

125 

/CO 

iO 

7/50 

.500 

125 

I2S 

it 

7/50 

550 

•  IZ5 

75 

/Z 

7500 

500 

/DO 

725 

/3 

7/50 

500 

US 

/CO 

i  ,1 
/  1 

•“>  /  —'/'l 

/  /  -VU 

si/5  St 

/Z  5 

iCO 

15 

6600 

SCO 

IZ5 

125 

/6 

7/50 

550 

IZ5 

160 

i7 

7/50 

550  .  -  * 

too 

125 

18 

7/50 

550 

725 

iZ5 

/9 

75CO 

450 

125 

ioo 

10 

7 150 

450 

125 

ICO 

2/ 

7/50 

550 

125 

125 

ZL 

7/50 

SCO 

125 

12  5 

23  s 

7/50 

55C 

/CO 

/CO 

14 

7/50 

.550 

125 

/CO 

?-> 

7/50 

55c  ■ 

125 

jOO 

zc 

7500 

500 

IZ5 

125 

£7 

7W 

540 

too 

too 

zr. 

7,50 

500 

ICO 

tOO 

z> 

75. 0 

450 

ICO 

1 2  3 

j?6 

P:X0 

SCO 

160 

125 

3i 

6600 

540 

Iti) 

ICO 

32 

7  SCO 

450 

ICO 

125 

M 

■  — 

450 

125 

12  T) 

34 

— 

45C, 

/cO 

12  b 

34 

— 

450 

US 

U:> 

7>G 

— 

460 

125 

i2> 

37 

— 

• !  r>£- 

125 

us 

38 

— 

450 

125 

ICC 

30 

— 

‘  U.  (J 

/CO 

(25 

-ic 

— 

4  50 

124 

124 

'h 

— 

4  50 

/JO 

125 

Table  4-2 

Alkalinity  Test  Results 
Cont . 


Sample  No. 

Solution  1 

7500  :ag  CaC03/l 
( 0 . 6 v  NaOH) 

Solution  2 

500  mg  CaC03/l 

Solution  3 

125  mg  CaC03/l 
(0.01%  NaOH) 

Solution  4 

120  mg  CaC03/l 

41 

___ 

450 

/25 

iOO 

43 

* - 

425 

/25 

i 25 

44 

- - 

500 

75 

75 

45 

— 

330 

100 

125 

4i 

- - 

350 

125 

100 

47 

— 

550 

125 

m 

4B  ' 

— 

SCO 

75 

/25 

49 

— 

450 

iOO 

725 

30 

— 

500 

ICO 

125 

- - 

450 

125 

125 

SL 

— 

550 

125 

/OO 

53 

jcQ 

3 


Table  4-3 

Hardness  Test  Results 


Sample  No. 


/ 

Z 

h 

4 

5 
G 

7 

8 
O 
/O 
it 
IZ 
/.3 

/ 4 

7G 

17 

/$ 

19 

20 
Zt 
zz 
23 
Z4  % 

25 

26 
27 
2S 

.10 

.si 

32 


■  •o 
3/ 
38 
.'/) 
50 
4! 
32, 


Solution  1 

0  ppm  CaCOg 

Solution  2 

20  ppm  CaCOg 

Solution  3 

250  ppm  CaC03 

Solution  4 
425  ppm  CaCO 

0 

/3 

i2D 

120 

0 

25 

HO 

120 

0 

25 

HO 

250 

0 

25 

120 

/20 

0 

25 

!0t> 

f&5 

0 

13 

no 

185 

0 

i  3 

no 

/ZO 

0 

25 

120 

720 

0 

25 

/ 20 

/ZO 

0 

25 

85 

i85 

0 

25 

120 

/85 

0 

25 

120 

no 

0 

25 

120 

/ZO 

0 

25 

iZO 

IZO 

/) 

25 

!ZO 

‘ZO 

0 

25 

JQ5 

izo 

0 

25 

120 

/2o 

0 

4-3 

120 

IZO 

0 

25 

85 

120 

0 

/3 

izo 

/ZO 

0 

25 

izo 

185 

0 

/3 

izc 

iZC 

0 

/3 

85 

185 

0 

/  3 

120 

IZO 

0 

25 

120 

no 

0 

25 

120 

120 

0 

25 

izo 

/ZO 

0 

25 

85 

\85 

0 

25 

85 

t20 

0 

/3 

720 

120 

0 

)  3 

85 

IBS 

0 

25 

IZO 

185 

0 

25 

120 

iZO 

0 

25 

85 

165 

0 

25 

85 

0 

25 

iZO 

_ 

0 

/3 

m 

— 

0 

25 

85 

— 

c 

25 

m 

— 

6 

23 

120 

-  ^ 

0 

'IS 

IZO 

. 

0 

»  *5 

05 

i  - 

1 
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Table  4-3 

Hardness  Test  Results 
Cont . 


Sample  No. 

Solution  1 

0  ppm  CaCOg 

Solution  2 

20  ppm  CaCOg 

Solution  3 

250  ppm  CaCOg 

Solution  4 
425  ppm  CaCOg 

43 

6) 

25 

05 

— 

44 

(5 

25 

65 

— 

4? 

6! 

25 

65 

— 

46 

0 

25 

120 

— 

47 

0 

25 

i20 

— 

4£ 

0 

13 

HO 

— 

49 

0 

/3 

05 

- - 

50 

0 

25 

05 

- - 

5i 

0 

/3 

65 

- * 

52 

0 

25 

85 

— 

55 

0 

46 

120 

• - 

54 

0 

1 3 

85 

— 

55 

c 

/3 

QS 

— 

56 

0 

25 

120 

— 

r-  "T 

-J  / 

/) 

IS 

->rr 

U^j 

— 

58 

0 

/3 

no 

— 

50 

0 

25 

J20 

— 

60 

0 

25 

/20 

I 
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Table  4-4 

Calculated  Results  for  Chloride  Test 
Range  36-1200  ppm  Cl" 


Known  Concentration 

36p/'"' 

ZoOfpm 

6(0  ppm 

ICCCppm 

\200ppn 

No.  of  Measurements 

57 

57 

5  7 

5+ 

Average  Concentration 

299.1 

£00.4 

1077. 7 

1170,0 

Standard  Deviation 

■  — 

10.45 

2b, 50 

41 % 

50, PO 

Deviation  (Avg-Known  Cone) 

< 0 

49.1 

0.4 

77.7 

-29. 1 

95%  Conf.  Interval  on  Mean 
Lower  Limit- 

- 

29.3.9 

59.1+  1 

|  I0O.6 

1153.1 

Upper  Limit 

— 

304,2 

£07.5 

JOSS  7 

II 69.,  6 

Accuracy  Requirement  Interval 

— 

250129 

600-56 

100 0170 

— 

Lower  Limit 

- - 

22.) 

5+5 

9A"> 

upper  birnit 

— 

Z./9 

iu/0 

95%  Tolerance  Interval 

inM.o 

(p=0.90)  Lower  Limit 

— 

2G0.^ 

548.3 

Upper  Limit 

* 

J37.+ 

652.6 

1150.2 

1277.3 

3 


Table  4-5 

Calculated  Results  for  Alkalinity  Test 
Range  0.01-0.6%  NaOH 


Known  Concentration 

I20mj OiQj/f 

l(5>> 

(6, Cl  %  Abort) 

75 CO^jCiCOi/f 
(0:6%  N<>CH) 

No.  of  Measurements 

53 

QZ. 

52 

32. 

Average  Concentration 

II3.L 

IIZ.O 

492.3 

7/67.2 

Standard  Deviation 

/b.»9 

iC.05 

46.56 

33i.08 

Deviation  (Avg-Known  Cone) 

-  <i.G 

-  /3.0 

-7.7 

-332.6 

95%  Conf.  Interval  on  Mean 
Lower  Limit 

IDO.O 

.  IC7.C 

479.3 

lOlT.ti 

Upper  Limit 

1/7.4 

116. 5 

505.3 

126C.G 

Accuracy  Requirement  Interval 

I20ZI0 

— 

500±50 

— 

Lower  Limit 

II 0 

— 

45  0 

— 

Upper  Limit 

i30 

— 

550 

— 

95%  Tolerance  Interval 

(p=0.90)  Lower  Limit 

83.1 

"  75.S 

3%.  6 

6465.3 

Upper  Limit 

H3.4 

HI, 2. 

5,95.8 

78  C0,  | 

3 


Table  4-6 

Calculated  Results  for  Hardness  Test 
Range  0-425  ppm  CaC03 


Known  Concentration 

0  ppm 

2 Opf>m 

250ppn 

425f,f>n 

No.  of  Measurements 

60 

60 

60 

3+ 

Average  Concentration 

0 

23.0 

1 II. 0 

M2.9 

Standard  Deviation 

0 

7.85 

23.8+ 

35.36 

Deviation  (Avg-Known  Conc^ 

0 

3.0 

-139.0 

-282.1 

95%  Conf.  Interval  on  Mean 
Lower  Limit 

Upper  Limit 

20.0 

25.0 . 

104. 8 

H7.2 

/55.3 

Accuracy  Requirement  Interval 
Lower  Limit 

Upper  Limit 

— 

— 

250*33 

217 

263 

_  __ 

95%  Tolerance  Interval 
(p=0.90)  Lower  Limit 

Upper  Limit 

7.6 

3e.3 

(54.3 

(57.7 

68.7 

2i  7.2 

i 
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APPENDIX  B 


IMPROVED  TEST  FOR  SULFATE  IN  WATER  LWL  TASK  Ol-B-74 


1 .  INTRODUCTION 


The  present  test  for  sulfate  uses  a  barium  chloride  -  gelatin  coat¬ 
ing  on  a  glass  microscope  slide.  This  proved  unsatisfactory  in  that  the 
gelatin  coating  dried  and  cracked  with  time.  The  glass  slide  was  fragile. 

While  these  two  drawbacks  can  undoubtedly  be  overcome  by  using  the 
coating,  suitably  tanned,  on  a  transparent  plastic  backing,  similar  to 
photographic  film,  a  paper  strip  test  method  was  more  desirable. 


1-1 


2.  CONCLUSIONS 


A.  A  paper  strip  impregnated  with  barium  chloranilate  provides  a 
useful  method  for  the  detection  and  measurement  of  sulfate  ion  concentra¬ 
tions  in  water  when  the  water  is  allowed  to  rise  by  capillary  attraction 
up  the  paper.  The  presence  of  sulfate  ion  is  evinced  by  a  decolorization 
of  the  brown  barium  salt  and  the  length  of  strip  decolorized  is  a  measure 
of  the  sulfate  ion  concentration. 

B.  The  test  strips  are  best  made  by  first  soaking  in  barium  chloride 
solution,  then  in  acetone  and  after  drying,  by  a  final  soak  in  a  solution 
of  chloranilic  acid.  A  wick  section  containing  chloranilic  acid  only  is 
left  on  the  strips  for  immersion  in  the  test  water. 

C.  The  presence  of  chloranilic  acid  in  the  wick  section  of  the  paper 
is  necessary  to  minimize  by  common  ion  effect  the  loss  of  barium  chlor¬ 
anilate  from  the  paper  in  blank  runs. 

D.  The  test  papers  are  not  rigid  enough  when  wet  to  stand  in  the 
water  without  collapse.  Therefore,  they  are  suspended  in  the  water  during 
the  test.  Alternatively,  the  papers  can  be  backed  with  rigid  plastic  when 
suitable  equipment  is  available. 

E.  The  test  system  can  be  utilized  to  detect  and  determine  chloride 
ions  by  substituting  silver  chloranilate  for  barium  chlorinate. 
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3.  THEORETICAL 


In  1957,  Bertolacini  and  Barney1  described  a  new  method  for  the 

colorimetric  determination  of  sulfate  based  on  the  reaction  of  solid 

£ 

barium  chloranilate  with  sulfate  ion  at  pH  4  in  aqueous  ethyl  alcohol 
solution  to  liberate  the  highly  colored  acid  chloranilate  ion.  The 
method  depends  for  its  success  on  the  insolubility  of  barium  sulfate 
and  the  only  slight  solubility  of  barium  chloranilate. 

S04"  +  BaC6Cl204  +  H+  -*•  HCgCl^  +  BaSO^^ 

(Brown  solid)  (Blue  violet 

solution) 

The  principle  of  this  method  has  potential  for  wide  applicability.  Thus, 

2 

Coutinho  and  Almeida  who  made  the  original  discovery,  used  the  method 
for  the  determination  of  chloride  ion.  In  this  case,  the  silver  salt  of 
chloranilic  acid  was  used. 

In  the  reaction 

Y-  +  MA  (solid)  •>  A~  +  MY  (solid) 

where  Y  is  the  anion  to  be  determined  and  A  is  a  colored  anion  of  an  or¬ 
ganic  acid,  MY  must  be  so  much  less  soluble  than  MA  that  the  reaction  is 
quantitative.  MA  must  be  only  sparingly  soluble  so  that  blanks  will  not 
be  too  high. 

Bertolacini  and  Barney  carried  out  the  reaction  for  sulfate  ion  in 
50%  aqueous  ethanol  so  as  to  depress  further  the  solubility  of  barium 
chloranilate  and  hence  increase  the  sensitivity  of  the  method. 

In  our  work  on  the  development  of  a  test  strip,  it  is  impractical  to 
use  aqueous  ethanol,  and  we  did  encounter  difficulties  due  to  the  signifi¬ 
cant  solubility  of  barium  chloranilate  in  water.  This  was  noticed  both 


Chloranilic  acid  is  2,5-  dihydroxy;  3,6-  dichloro  benzoquinone. 
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when  strips  were  washed  to  remove  barium  chloride  and  in  running  the 
strips  in  distilled  water  for  blank  calibration. 

These  difficulties  were  both  overcome  in  a  simple  manner  by  the 
method  of  strip  preparation. 
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4.  EXPERIMENTAL 


4.1  PREPARATION  OF  BARIUM  CHLORANILATE 

The  method  used  by  Bertolacini  loc.  cit  involving  the  mixing  of  aqueous 
solutions  of  barium  chloride  (5%)  and  chloranilic  acid  (0.1%)  is  tedious  so 
the  following  procedure  was  used. 

lg  of  chloranilic  acid  was  dissolved  in  40  mis  of  boiling  acetic  acid 
and  mixed  with  a  hot  solution  of  3g  of  barium  acetate  in  20  mis  of  acetic 
acid.  The  brown  precipitate  was  centrifuged  down,  stirred  with  aqueous 
acetic  acid  (50:50)  and  vacuum  filtered.  The  product  was  washed  with  dis¬ 
tilled  water,  acetone  and  dried  to  give  a  brown  powder. 

The  powder  when  stirred  with  water  containing  sulfate  ions  gave  a  blue 
violet  solution. 

4.2  EXPERIMENTS  WITH  FILTER  PAPER  STRIPS 

A  roll  of  Whatman  3MM  chromatography  paper  was  used  throughout  for  the 
preparation  of  test  strips  which  were  cut  1-cm  wide  in  lengths  at  right 
angles  to  the  grain  of  the  paper.  (This  is  along  the  length  of  the  roll.) 

A  line  of  brown  salt  was  applied  with  a  spatula  to  a  paper  and  the 
paper  dipped  in  distilled  water  so  that  the  water  rose  through  the  salt. 

No  pink  color  appeared. 

Then,  a  second  paper  similarly  treated  was  dipped  in  S0^  contain¬ 
ing  water.  As  the  water  rose  through  the  brown  line,  a  violet  color  de¬ 
veloped  and  travelled  in  a  diffuse  manner  with  the  water  front. 

It  was  noted  that  eventually  the  brown  line  disappeared,  i.e.,  it 
had  all  been  turned  into  Ba  SO^  and  chloranilic  acid  the  latter  being 
washed  up  in  the  paper. 

The  brown  powder  was  then  spread  lightly  over  the  whole  of  the  strip 
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except  for  the  wick.  On  running  sulfate  through  this  strip,  one  could 
clearly  see  a  spreading  area  of  decolorization  as  the  water  rose  through 
the  coated  paper.  Because  of  the  unevenness  of  the  coating,  the  result 
was  unsatisfactory.  Clearly,  however,  this  is  the  way  to  run  the  test, 
that  is  by  observing  the  removal  of  barium  chloranilate  rather  than  look¬ 
ing  for  the  colored  chloranilate  ion. 

4.3  EXPERIMENTS  WITH  PAPERS  IMPREGNATED  WITH  BARIUM  CHLORANILATE 

0.5g  of  chloranilic  acid  was  stirred  to  solution  with  500  mis  of 
distilled  water  and  the  solution  filtered  through  glass  wool  to  remove 
traces  of  solid. 

Paper  was  then  soaked  in  the  violet  solution,  air  dried,  and  then 
dipped  into  dilute  aqueous  barium  chloride.  The  paper  immediately  turned 
brown.  It  was  washed  with  distilled  water  and  dried.  Strips  of  this 
paper  worked  very  well  when  dipped  into  solutions  containing  sulfate  ion 
in  various  concentrations.  For  a  given  height  run  by  the  solvent-front, 
the  height  of  the  decolorized  portion  varied  as  the  sulfate  concentration. 

For  measurement  of  the  height  of  strip  decolorized,  one  needs  a 
starting  line.  Therefore,  strips  were  made  where  a  small  length  of  the 
strip  was  not  immersed  in  the  dye.  After  drying  and  immersion  in  barium 
chloride,  a  line  was  drawn  at  the  edge  of  the  brown.  4%  barium  chloride 
was  used.  This  line  then  served  as  the  point  from  which  measurements 
were  made  to  relate  SO^  concentration  to  height  of  brown  decolorized. 

The  strips  were  immersed  to  a  depth  such  that  the  line  remained  above 
the  liquid. 

At  this  point,  it  was  also  determined  that  treatment  of  the  dye  im¬ 
pregnated  paper  with  silver  nitrate  solution  gave  a  reddish  brown  deposit 
in  the  papers  which  would  detect  chloride  ion. 

4.4  METHOD  FOR  COATING  THE  PAPER 

Having  established  the  basis  for  the  test,  it  remained  to  standardize 
the  procedure  for  making  the  strips  so  as  to  give  a  reliable  test  strip 
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for  the  range  required  and  one  that  could  be  duplicated. 

After  a  good  deal  of  experimentation  in  which  various  snags  were 
encountered,  the  following  procedure  was  adopted  as  the  most  dependable 
and  involved  the  following  critical  factors: 

A.  The  coating  should  be  uniform. 

B.  The  strips  should  be  free  of  excess  barium  chloride. 

C.  Washing  of  the  coated  strips  should  be  avoided  since  the 
barium  chloranilate  dissolves  out. 

D.  Blank  readings  should  be  reduced  as  much  as  possible. 

4.5  PROCEDURE 

A.  Cut  10cm  squares  of  Whatman  3MM  paper. 

B.  Make  up  solutions  in  distilled  water  of  0.1%  chloranilic  and 
0.4%  barium  chloride  (4g  of  BaCl^  211^0  liter). 

C.  Place  the  barium  chloride  in  a  flat  bottomed  tank  big  enough 
to  accommodate  a  10cm  paper  square  and  deep  enough  for  a  6cm 
height  of  liquid. 

D.  Lower  paper  square  into  the  barium  chloride  until  the  bottom 
edge  touches  the  base  of  the  tank  and  remove  the  square.  The 
square  should  be  oriented  so  that  the  grain  is  parallel  to  the 
liquid  surface. 

E.  After  removel  from  the  barium  chloride,  immediately  lower  the 
whole  square  into  a  tank  containing  at  least  1  liter  of  acetone 
and  then  put  the  square  into  a  hot  air  oven  at  about  100  C. 

The  reason  for  this  acetone  bath  is  that  if  the  papers  are 
dried  when  wet  with  aqueous  solutions,  the  liquid  tends  to 
diffuse  into  the  dry  part  and  leaves  a  more  dilute  deposit  of 
solute  there. 

F.  When  dry  slide  the  square  under  the  surface  of  the  0.1% 
chloranilic  acid  contained  in  a  shallow  enamel  tray.  Rock 
the  liquid  back  and  forth  (as  in  photography)  for  1  minute, 
then  hand  the  paper  up  by  the  uncoated  part  to  air  dry. 

The  result  should  be  a  square,  pale  blue-violet  at  the  top  and 
brown  below  with  a  good  sharp  straight  line  of  demarcation  be¬ 
tween  the  two  colors. 

The  upper  blue  violet  part  will  become  the  wick  and  the  chlor¬ 
anilic  acid  in  it  will  help  to  depress  the  elution  of  barium 
chloranilic  from  the  test  strip  in  blank  runs  and  runs  of  low 
SO^  concentration.  (Law  of  mass  action.) 
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G.  When  dry,  the  square  is  measured  and  pencil  lined  according  to 
the  following  dimensions : 


1/4  cm 


1/2  cm  divisions  — ► 


t 

1  cm 


3  1/2  cm  - ►  1 -  5  1/2  cm 

1mm 


The  1  cm  heavy  line  is  to  blank  out  the  small  result  with  dis¬ 
tilled  water.  The  first  two  1/4  cm  divisions  are  for  50  and 
100  ppm  SO^ 

H.  Since  it  is  difficult  to  run  the  strips  by  standing  them  in  a 
layer  of  water  (they  tend  to  collapse)  and  because  of  errors 
that  might  crop  up  by  evaporation  from  a  strip  in  an  open  con¬ 
tainer,  a  closed  system  involving  suspension  of  the  strips  was 
devised. 

This  consists  of  a  2  oz.  screw  cap  dropping  bottle  with  an 
alligator  clip  in  the  rubber  bulb  (instead  of  the  dropper). 

Water  under  test  is  poured  into  the  bottle  in  an  amount  not  to 
exceed  the  level  marked  on  the  bottle.  The  test  strip  is  then 
clipped  so  that  the  clip  reaches  the  highest  graduation  and  then 
inserted  in  the  bottle  and  the  cap  screwed  down. 

When  the  water  reaches  the  top  of  the  strip  (about  6  min.),  the 
strip  is  read  by  reference  to  a  graph  showing  length  of  white 
portion  versus  ppm  SO^  . 


4.6  CALIBRATION 

The  highest  sulfate  ion  concentration  to  be  detected  is  3000  ppm  or 
3g  per  liter.  This  is  contained  in  4.439g  of  anhydrous  sodium  sulfate 
which  was  weighed  out  and  made  yp  to  1  liter  with  distilled  water. 

Suitable  dilutions  gave  solutions  containing  1000,  500,  250,  100 
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Divisions 


and  50  ppm  sulfate  ion. 

A  sample  paper  strip  from  each  batch  was  first  tested  in  distilled 
water  to  ensure  that  the  blank  reading  was  within  the  lram  region.  Batches 
that  passed  this  test  were  retained  and  a  set  run  in  each  of  the  above 
solutions.  The  length  of  barium  chloranilate  decolorized  was  then 
measured  and  plotted  against  sulfate  concentration.  From  this  calibration 
curve,  an  example  of  which  is  shown  below,  the  sulfate  concentration  of  an 
unknown  can  be  estimated. 
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Photograph  of  Test  Strips 
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SAMPLE  INSTRUCTION  SHEET 


Clip  test  strip  so  that  clip  reaches  the  top  graduation 
of  colored  part  of  the  strip. 

Put  test  liquid  in  bottle  up  to,  but  not  over,  level 
marked  on  bottle. 

Insert  paper  into  the  bottle  and  screw  down  cap. 

When  liquid  has  risen  to_the  top  of  the  strip  (about  6  min.), 
remove  and  determine  SO^  concentration  by  reference  to  the 
calibration  chart. 
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APPENDIX 


1.  Reagents  and  Supplies 

Chloranilic  acid.  Pfaltz  &  Bauer,  Flushing,  NY. 

Barium  Chloride.  BaCl2*2H20,  Mallinckrodt. 

Chromatography  paper.  Whatman  3MM,  18"  width  and  300  foot  roll. 
Sodium  Sulphate.  "Baker  Analyzed"  Reagent  anhydrous  Powder. 

2.  Sample  Instruction  Sheet 

Clip  test  strip  so  that  clip  reaches  the  top  graduation  of  colored 
part  of  the  strip. 

Put  test  liquid  in  bottle  up  to  but  not  over  level  marked  on  bottle. 

Insert  paper  into  the  bottle  and  screw  down  cap. 

When  liquid  has  risen  to_the  top  of  the  strip  (about  6  min.), 
remove  and  determine  SO^  concentration  by  reference  to  the 
calibration  chart. 
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